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Sd to select different binding sites and
target genes, and indeed there is evi-
dence that Vg can change the target
specificity of Sd (Halder and Carroll,
2001). Zider and colleagues (Goulev et al.,
2008) report, however, that Yki stim-
ulates the transcription of genes regulated
by Sd-Vg, such as vg itself and dE2F1.
Consistently, Pan’s group found that
overexpressed yki or vg partially rescues
the growth defects of vg or yki mutant
clones, respectively. This suggests that
Yki-Sd and Sd-Vg may not bind separate
targets, but instead function in a coopera-
tive manner with Yki, Vg, and Sd at the
same sets of target promoters (Figure 1).
Future studies will have to test, for
example, if Vg is also bound at the diap1
locus.
Does Yki associate with transcription
factors other than Sd to mediate the re-
sponse to Hpo signaling? This hasn’t
been tested, but it seems likely. Two-
hybrid analysis has predicted Yki binding
partners in addition to Sd (Giot et al.,
2003); Sd is not expressed in all the cell
types that respond to the loss of Hpo
signaling (Campbell et al., 1992), and yki
mutant cells have more severe growth
defects than sd mutant cells (Huang
et al., 2005). These observations all
indicate that factors in addition to
Sd must function with Yki. Identifying
these will be a major avenue of future
research.
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Figure 1. The Hippo Signaling Pathway
Fat, Mer, Ex, and potentially other upstream regu-
lators stimulate the kinase activity of Hpo, which
phosphorylates and activates Wts. Wts then phos-
phorylates Yki Ser168, inducing 14-3-3-dependent
cytoplasmic localization and inactivation of Yki.
When Hpo signaling is off, Yki enters the nucleus.
In some cell types, Yki associates with target
DNA via Sd, perhaps together with Vg (denoted
by [?]). Yki may also associate with other transcrip-
tion factors at different promoters or in different
cell types (denoted by [??]). Figure adapted from
Zhang et al. (2008).
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In a recent issue ofMolecular Cell, Yoon et al. provide evidence for the control of nucleocytoplasmic transport
by protein kinase signaling pathways through phosphorylation of RanBP3, an accessory factor in the Ran
GTPase system. This mechanism may coordinate nucleocytoplasmic transport with other mitogenic effects
of these pathways.The nucleocytoplasmic transport of many
macromolecules depends upon Ran,
a small GTPase of the Ras superfamily.
Ran is concentrated in the nucleus where316 Developmental Cell 14, March 2008 ª20it is maintained in a GTP-bound form by
RCC1, its chromatin-bound guanine
nucleotide exchange factor. Ran-GTP
levels in the cytoplasm are kept low by08 Elsevier Inc.RanGAP1, which stimulates the GTPase
activity of Ran. Proteins carrying a classi-
cal lysine-rich nuclear localization signal
(NLS) are recognized in the cytoplasm
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Previewsby importin-b via the adaptor importin-a.
This cargo complex translocates through
the central hydrophobic channel of the
nuclear pore complex (NPC), the large
multiprotein structure that fenestrates
the double membrane of the nuclear
envelope. Within the nucleus, Ran-GTP
binds to importin-b and causes dissocia-
tion of the cargo complex. Ran-GTP also
promotes the export of proteins to the cy-
toplasm through its interaction with Crm1,
another member of the importin/karyo-
pherin family that recognizes leucine-rich
nuclear export signals.
Nucleocytoplasmic transport is modu-
lated at multiple levels (Terry et al., 2007),
including the expression of specific trans-
port factors, modification of NPCs and
substrate-specific effects, such as the
posttranslational modification of cargo.
Furthermore, because nucleocytoplasmic
transport is important for general protein
synthesis—ribosomal components are im-
ported and assembled into ribosomes,
mRNA and tRNA are exported through the
NPC—one would perhaps expect the rate
of transport to be enhanced when cells re-
ceive mitogenic signals to elevate protein
synthesis. Now, Yoon et al. (2008) identify
amechanismbywhich extracellular signals
transduced through kinase signaling path-
ways can modulate Ran-dependent nucle-
ocytoplasmic transport.
The authors set out to identify targets of
RSK, the 90 kDa ribosomal S6 kinase that
is activated by a wide variety of growth
factors and other extracellular signals via
the Ras-ERK MAP kinase pathway (Fig-
ure 1). Using a yeast two-hybrid assay to
screen a mouse embryonic library for
RSK binding partners, they identified
RanBP3, a nuclear protein that binds to
Ran-GTP and associates with RCC1 in
complex with Ran (Mueller et al., 1998;
Nemergut et al., 2002). RanBP3 also inter-
acts directly with Crm1, promoting Crm1-
dependent nuclear export (Englmeier
et al., 2001; Lindsay et al., 2001; Nemer-
gut et al., 2002; Sabri et al., 2007). Yoon
et al. showed that RanBP3 interacts with
RSK in human cells, and although the
interaction was weak, this might be
expected for a substrate of the kinase.
Indeed, they found that RSK phosphory-
lates RanBP3 at serine 58, which lies
within a kinase consensus motif RxRxxS.
This motif is also recognized by other
members of the ‘‘AGC’’ kinase family,
and the authors confirmed that serineFigure 1. Linking Signaling Pathways to Nucleocytoplasmic Transport
Growth factors activate cell-surface-receptor tyrosine kinases (RTKs) that—via the guanine nucleotide
exchange factor SOS and the adaptor protein Grb2—stimulate the production of Ras-GTP, which triggers
a signaling cascade to activate RSK. Other RTKs activate Akt/PKB protein kinase via phosphatidylinositol-
3-kinase (PI3K) and the kinase PDK1. Both RSK and Akt/PKB phosphorylate RanBP3 at serine 58,
probably in the nucleus. Phosphorylated RanBP3 has a higher affinity for Ran-GTP and it promotes
nucleocytoplasmic transport, probably by stimulating the generation of Ran-GTP by RCC1 and increasing
the rate at which Ran cycles between the nucleus and the cytoplasm.58 is also phosphorylated by Akt/protein
kinase B. Inhibitors of the MEK/ERK/
RSK and phosphatidylinositol-3-kinase
(PI3K)/Akt signaling pathways indicated
that both pathways are involved in the
phosphorylation of RanBP3 in human
HEK293 cells.
Although serine 58 lies adjacent to the
NLS of RanBP3 (Welch et al., 1999), muta-
tion of this residue to alanine affected
neither its nuclear localization nor its inter-
action with Crm1. However, the rather
weak interaction in cells between RanBP3
and a mutant of Ran insensitive to Ran-
GAP1 (RanE46G) was stimulated by se-
rum and inhibited by the S58A mutant of
RanBP3, suggesting that phosphorylation
of RanBP3 at serine 58 stabilizes its inter-
action with Ran-GTP. Short hairpin RNA-
mediated ablation of RanBP3 expression
in HeLa cells did not alter Crm1 localiza-
tion but did cause partial redistribution
of Ran to the cytoplasm. The normal
accumulation of Ran in the nucleus was
restored by RanBP3 expression to en-Developmentaldogenous levels, but not by the S58A
mutant. Furthermore, RanBP3 S58A did
not support the efficient nuclear import
of ribosomal protein L12 or an artificial
construct containing an NLS. Although
it is not clear if RanBP3 is required for
HeLa cell proliferation, cells expressing
the S58A mutant of RanBP3 failed to pro-
liferate as well as those with the wild-type
protein. Together, these results indicate
that phosphorylation of RanBP3 at serine
58 by RSK and Akt could provide a mech-
anism to couple nucleocytoplasmic trans-
port and ribosome biogenesis with other
effects of these pathways on transcription
and translation, progression through the
cell cycle, and cell survival.
It is not clear exactly how inhibition
of RanBP3 phosphorylation affects Ran
localization and nuclear protein import,
but it could be through an effect on
Ran-GTP production by RCC1 or possibly
another step in the cycling of Ran or other
transport factors between the nucleus
and the cytoplasm. The apparent lackCell 14, March 2008 ª2008 Elsevier Inc. 317
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Previewsof effect on Crm1 suggests that RanBP3
phosphorylation does not specifically
control Crm1-mediated nuclear export.
Interestingly, Hendriksen et al. (2005)
identified a Crm1-independent role for
RanBP3 in the nuclear export of b-catenin
to which it binds directly. Overexpression
of RanBP3 inhibits Wnt signaling and
disrupts b-catenin-dependent dorsoven-
tral axis formation during Xenopus embry-
onic development, whereas ablation of
RanBP3 causes overactivation ofWnt sig-
naling in cultured cells and in Drosophila
embryos (Hendriksen et al., 2005). Fur-
thermore, RanBP3 has a negative role in
JAK/STAT signaling inDrosophila through
control of STAT92E transport (Baeg et al.,
2005). So phosphorylation of RanBP3 by
RSK and Akt has the potential to regulate
other signaling mechanisms through
effects on the nucleocytoplasmic trans-
port of specific components of those
pathways.Plant Cell Polarity:
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In yeast and animal cells, the sterol
membrane proteins by regulating th
Cell Biology demonstrates that plan
endocytosis after cell division.
The sterol composition of yeast and
animal membranes mediates the asym-
metric localization of some plasma mem-
brane (PM) proteins by regulating their
delivery to the cell surface, modifying the
fluidity of the membrane, which modu-
lates their lateral diffusion, or controlling
their endocytosis (Rodriguez-Boulan
et al., 2005; Wachtler and Balasubrama-
nian, 2006). Notably, sterol-rich, deter-
318 Developmental Cell 14, March 2008 ª20It is possible that RanBP3 normally has
a role in restraining cell growth, prolifera-
tion, and/or differentiation in vivo, and
this suppression might be relieved by its
phosphorylation. Interestingly, the human
RanBP3 gene is located in a chromosome
region (19p13.3) that is commonly deleted
in various cancers and may contain multi-
ple tumor suppressor genes (Hendriksen
et al., 2005). So, it may be interesting to
determine if loss of RanBP3 or its in-
creased phosphorylation plays a role in
cancer. Although many questions remain,
this study provides new food for thought
on how extracellular signals can coordi-
nate cellular processes through regulation
of nucleocytoplasmic transport.
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